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ZINC AMMONIUM CARBONATE BULFIDE SCAVENGERS
CROSS-REFERENCE TO RELATEDR APPFLICATION

The present application claims the benefit of US. Provisional Application No,
62/807.187 filed February 18, 2019, and to U.S. Noen-Provisional Application Serial No.
16/591,204 filed on October 2, 2019, which are incorperated berein by reference fu their eniivety,

BACKGROUND

The prosent disclosure relates to methods for treating flaids used in the production and/or
transport of petroleum products and natoral gas, and to metheds for the removal of sultor-
containing species encountered in flulds used and encountered in such operations.

Hydrogen sulfide (H2S) is a corrosive gas commouly found in oil and gas production
operations. For example, fuids in sewage systens, fluids produced from wells, and make-up fluids
froguently contain hydrogen sulfide. Hydrogen sulfide can be highly corrosive to pipelines and
equipment ysed in the production and transportation of oil and gas, and may damage tubing,
vasings, surface facilities, or other types of welltbore equipment. Hydrogen sulfide may also cause
sulfide scaling, which may restrict flow and form undesirable deposits in the surface facilities.

To control the release of hydrogen sulfide gas, scavengers may be used (o react with
snlfides and form products that are nonhazardous and noncorrosive, Cerfain sulfide scavenggrs
may be Hmited by their reaction vates, This may be particularly problematic in low-contact lime
applications, or under cold weather conditions that slow reaction rates. In some cases, very high
scavenger dose rales mmay be used in these situations to obtain the desired scavenging effect.
However, it may he impractical or prohibited 10 use certam sultide scavengers in large quantities

n certain locations,
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BRIEF DESCRIPTION OF THE DRAWINGS

These drawings iHlustrate certain aspects of some of the embodiments of the present
diselosure and should not be used to limit or define the claims,

FIG. 1 is a schematic diagram of an injection systeny nsed in accordance with cerfain
embodiments of the present disclosure;

F1G. 2 is a schematic diagram of a test apparatus used to test the scavengiog rate of ong
or more sulfide scavengers under differing test conditions, i accordance with certain
embodiments of the present disclosure;

Fix 3 is a plot comparing the scavenging rate of a sulfide scavenger of the present
disclosure with that of other sulfide scavengers at § °C, in accordance with certain embodiments
of the present disclosure;

FIG. 4 is a plot comparing the scavenging rates of a sulfide scavenger of the present
disclosare at different concentrations of carbon dioxide in accordance with certain embodiroents
of the present disclosuare; and

FIG. § is a plot comparing the seavenging rate of a sullide scavenger of the present
disclosure with that of other sulfide scavengers at 20 °C, s secordance with certain embodiments
of the present disclosure.

While embodiments of this disclosure have been depicted, such embodiments do vot
imply a limitation on the disclosure, and no such Jimitation should be inferved. The subject matter
disclosed s capable of considerable modification, alteration, and eguivalents in forpy and function,
as will ocour to those skilled I the pertinent art and baving the benefit of this discloswre. The
depicted and deseribed embodiments of this disclosure are examples only, and pot exhaastive of

the scope of the disclosere,
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DESCRIPTION OF CERTAIN EMBODIMENTS

Hiustrative embodiments of the present disclosure ave deseribed in detail herein. In the
interest of clarity, not all features of an actual implementation may be described in this
specifieation. It will of course be appreciated that in the development of any such actual
embodiment, numerons tuplersentation-specific decisions may be made to achieve the specitic
implementation goals, which may vary from one implementation to anotber, Moreover, it will be
appreciated that such a development effort might be complex and time-consuming, but would
nevertheless be a routive undertaking for those of ordinary skill v the art having the benefit of the
present disclosure.

The present disclosure relates to methods for treating fluids used in the production and/or
transport of petroleum products and natural gas, and to methods for the removal of sulfur-
containing species encountered in fluids used and encountered ip such operations,

More specifically, the present disclosure provides methods for introducing a sulfide
scavenging additive that includes zine ammonium carbonate into a location (e.g., at least a portion
of a subterrancan formation) where oue or more sulfur-containing species are present. In some
embodiments, the zine anmonium catbonate additive suay be introduced into g pertion of a conduit

{o.g.

Rt Bed

a pipeline) or container wherein one or more sulfur-containing species are present. In certain
embodiments, the zine anunonium carbonate additive may be introduced tuto a fluid retention pit
{e.g. a mud pit).

Amonyg the many advaniages to the methods of the present diselosare, only some of which
are alluded to herein, the additives and methods of the present disclosuse may, among other
benefits, provide for faster, safier, less corrosive, less tosie andfor more efficient vemoval of selfur-
containing species from a fluid (e.g., a Quid Jocated in o conduit, coutaiver, fluid retention pit, or
subtersancan formation), In certain embaediments, the salfide scavenging additives of the prosent
disclosure may provide an enhanced ability to scaveoge sulfur-containing species as compaved to
certain other suffide scavingers, at Jeast in part due to the inereased rate at which zinc ammonium
carbopate reacts with sulfur-containing species. In some embodiments, the sullide scavenging
additives of the present disclosure may provide more effective sulfide scavenging even at low
contact times and over g wide variety of temiperatures as compaved fo curtain other sulfide
scavenpers. To certain embodiments, the sulfide scavenging additives of the present discloswra may
provide an enhanced ability to scavenge sulfur-containing species ju otlfield operations where g
Bigh concentration of carbon dioxide is present. In cortain erabodiments, the rapid yeaction with
sulfe-containing spevies of the sulfide scavenging additive of the present disclosure may provide
for lower dosage rates, even i situations requiring a Himited contaet time betwenn the additive and
3
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the fluid, In certain embodiments, this may avoid the overtreatment of fluids, reduce the cost of
chemicals, reduce operating costs, and minindee the mpact of high pH scavengers such as
triazines.

In certain embodiments, the zing ammonium carbonate sulfide scavenging additive may
react with the sulfur-containing species to eliminate or reduce the concentration of sullur-
coutaiving species. In some smbodiments, the zine aromonium carbonate sulfide scavenging
additive may react with the sulfur-containing species at a faster reaction rate as compared o certain
other sulfide scavengers after being introduced into andior in contact with the sulfur-containing
species. In certain embodiments, the zine ammonium carbonate sulfide scavenging additive may
react with the sulfur-containing species at a faster reaction rate as compared to certain other sultide
seavengers, even at low temperatores {e.g, one o more of the temperature ranges seferenced
below). Ta cortain ersbodiments, this may allow the zine ammonium carbonats sulfide scavenging
additive of the present disclosure to react with sulfur-containing species at reduced contact times
and over a wider variety of tlemperatures compared o certaiy existing sulfide scavengers.

The zine ammonivm carbonate sulfide scavenging additive of the present disclosure nay
he used in a variety of applications and environments in which sulfur-confaining species ae
present or are expected to be present hased on, for example, prior operations and/or other direct or
indivect information. Such environments are referred 1o herein as “potential sulfur-containing
environments”, Fluids in poteniial sulfur-containing envirenments that include or are expected to
inclode @ sulfur-containing species are refesred to herein as “potential sulfur-containing thids”.
Examples of applications saitable for certain embodiments of the present disclosure may include,
hut are not Hmited to use in condults, containers, fluid retontion pits, subterranean formations,
other portions of refining applications, gas separation towers/applications, transportation
pipelines, pipeling treatments, water disposal and/or treatments, and sewage disposal andfor
treatments, and/or dowrhole applications (e.g., drilling, fracturing, completions, oil production).
In certain embodiments, the zine anunoniwn carbonate sulfide scavenging additive may be
applicable 1o jujection wells, monitoring wells, and/or production wells, including bydrocarbon or
geothermal wells and wellbores,

In certain embodiments, the zine ammoniam carbonate sulfide scavenging additive may
he introduced futo at least & portion of g conduit, container, Thad relention pit, sublerrancan
formation, or other focation, wherein one or more sulfur-containing species are or may be present.
o some embodiments, onee irdroduced ibto & conduit, contatner, fluld retention pit, sublerranean
formation, or other focation, the zine ammonium carhonate sulfide scavenging additive may
remove one or more sulfirecontaining species, or luhibi, retard, reduce, control, and/or delay the

4



1o

15

25

30

WO 2020/171850 PCT/US2019/054614

formation of ene or more sulfur-containing species, within the conduit, container, floid retention
pit, subterranean formation, or other location, In certain embodiments, the Zing ammonitm
carbonate sulfide scavenging additive may react with the sulfur-containing species to form
nonhazardous and/or noncorrosive products. In some embodiments, the zing arnmenium carbonate
sulfide scavenging additive may be ntroduced nto and/or contact a fluid to be treated. The fuid
ta be treated may be Howing through, or may be substantially stattonary i, the conduit, container,
fluid retention pit, subterrancan formation, or other focation.

f certain ernbodiments, the zinc ammonium carbonate sulfide scavenging additive may
be in contact with the salfur-containing species or a fluid containing such species for a contact
tine of from about 0.1 seconds to about 5 seconds. In other embodiments, the zing ammonium
carbonate sulfide scavenging additive may be in contact with the sulfur-containing species or a
fluid containing such species fora contagt time of from about 1 second to about § seconds. In some
embodiments, the zine ammonium carbonate sulfide scavenging additive may be in contaet with
the sulfar-containing species or a fluid containing such species for a contact time of from about
0.1 seconds to about 20 seconds. lo other embodiments, the zine anmontan carbonate sutfide
scavenging additive may be in contact with the salfi-containing speeies or a fluid containing such
species for a contact time of from gbout 1 second to shont 20 seconds, n some em bodiments, short
contact times between the zing ammonium carbonate sulfide scavenging additive and the sulfur-
containing species may be caused, forexample, by short portions of conduit or pipeling,

The zine aramoniumn carbonate sulfide scavenging additive of the present disclosure may
provide an euhanced ability o scavenge salfur-containing speeies as compared to other sulfide
scavengers due to a higher and/or faster veactivity with sulfur-comtaining species at low
temperatures. In some erobodiments, the zine ammonium carbonate sulfide scavenging additive
may be introduced into a Hhaid that contains or is expected to contain one or mave sulfur-contaluing
species when the temperature of the fluid or the envivonment in which the fluid flows or resides is
in the ravge of from about <20 °C {~4 *F) to about 50 °C (122 °F}. Inceriain embodiments, the zing
annmonium carbonate sulfide scavenging additive may be introduced into a fluid that containg or
is expocted to contain one or more sulfur-containing species wherein the temperatare of fluid o
the ecnvitosment in  which the fluid flows or vestdes s as low  as  awy
of B, <19, <18, <17, -16, ~15, ~14, ~13, <12, <11, <10, <9, <8, 7, <6, -5, -4, -3, -2, ~1, and 0 °C. In
gertain embodiments, the 2ine ammonium carbonate sulfide scavenging adiditive may be
introdnced tnto a floid that contains or is expected 1o contain one ovmore sulfurcontaining species,
wherein the teraperature of the fluid or the suvironment in which the fhad Jows or resides is as
figh as any of 0, 5, 10, 15, 20, 25, 30, 35, 40, 45 and S0 °C. In cortain embadiments, the zinc

3



L

15

20

30

WO 2020/171850 PCT/US2019/054614

ammonium carbonate sulfide scavenging additive may be intraduced into a fluld that contains or
iz expected to contain one or more sulfar-contajving species wherein the temperaiure of the fluid
or the environment in which the fluid flows or resides s in the rangs of from about -20 °C (4 °F)
to about 30 °C (122 °F), in other embodiments, about -20 °C {(~4 "F) to about 25 °C (77 °F), n
other smbodiments, about ~20°C {~4 °F) to about 10°C (30 °F), m other erbodimvents,
about <20 °C (~4 “F) to about 3 °C (41 °F), in other embodiments, about <20 °C (-4 °F} 1o about
$9C (32 °F), in other embodiments, about -10°C {14 °F) to about 5°C (41 °F), in other
emabodiments, about «10°C (14 °F) to about 0 °C {32 °F), in cther embodiments, about ~3 °C
(23 °F) to about 5 °C (41 °F), in other embodiments, abont -5 °C (23 °F) to about 0 °C (32 °F).
In certain embodiments, the zing ammonium carbonate sulfide scavenging additive may
juclade a solution incloding zine ammonion carbonate. In some embodiments, the solution vy
firther include one or more glyeols (e.g., ethylene glycol or polyethylene glycol), This nay allow
the zine ammoniwm carbonate 1o function as a sulfide scavenger in cold weather conditions, e.g,

when the outside temperature falls below 0% C (32 °F). Low temperature applications of the zine

anumontons carbonate sulfide scavenging additive of the present dizclosure may include

seavenging sulfur-containing species in pipelines, conduits, other tluid transportation lines,

containers, fluid retention pits, subterranean formations, or any combination thereof, n winter

and/or other cold weather conditions,

The rine ammonium carbonate sulfide scavenging additive of the present disclosure may
provide an enhanced ability to scavenge sulfur-containing species as compared to other sulfide
scavengers at high congcentrations of carbon dioxide (COz). For example, the zine ammonium
carbonate sulfide scavenging additive may provide effective sulfide scavenging at concentrations

of carbon dioxide from sbout 6.01 % 1o about 10:% by volemes of gas of a gas phase of'a Buid, In

other embodiments, the zing ammonium carbonate sulfide seavenging additive may proyide

effective sulfide scavenging at concentrations of carbon diokide from about 0.01 % to about 40 %
by volume of gas of a gas phase of a fluid. In certaly embodiments, the zine anunoninm carbonale
sulfide scavenging additive may provide effective sulfide seavenging at concentrations of carbon
dioxide as high as any of 15, 20, 25, 30, 33, and 40 % by volume of gas of a gas phase of a fluid.
fy some ensbodiments, the carbon diokide may be present as 8 gas. I other embodiments, the
carbion dioside may be dissolved ju a liquid phase. In certain embodiments, the fluid may include
a gas phase and & Hqoeid phase and the carbon dioxide may be present in both the gas phase and in
the higuid phase,

In cortain embodiments, the zine gmmonium carbonate sulfide scavenging additive may

provide effective sulfide scavenging al concentrations of carbon dioxide frons about 10 to abeut

5
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1000 ppm by concentration dissofved in a liquid phase of a fluid. fy other embodiments, the zing
armmonium carbonate sulfide scavenging additive may provide effective sulfide scavenging at
congenirations of carbon dioxide from about 1 to about 1500 ppm by concentration dissolved ina
liquid phase of a fhuid. In certain embodiments, the zine ammonium carbonate sullide scavenging
additive may provide sffective sullide scavenging ai concentrations of carbon dioxide as high as
any of 254, 560, 750, 1000, 1250 and 15300 ppm by concentration dissolved in a liguid phase of a
fFuid.

The sulfur-containing species of the present disclosure way include any compounds or
chemical specigs that include one ov more sulfur atoms or ions, inchiding but not limited to
bydrogen sulfide, sulfide ions, mercaptans, polysulfides, or any combination thereof. A mercaptan
may include any sulfur-containing compound of the geveral formula R-SH, such as cihyl
mercaptan or ethanethiol. Polysulfides may lnclude a class of sulfor species with alternating chalns
of sulfur atoras and bydrocarbons, In certain embodiments, the zing ammonium carbovate sulfide
scavenging additive may be added to a fluid including the sulfur-contalning species at a
stoichiometric ratio of from ghout 1:10 1o 5:1, wherein the stoichiometrie ratio is the molar ratio
of scavenging additive 1o sulfur-containing species (either the known or expected molar
concentration of those species). In some embodiments, the zine anuonium carbonate sulfide
scavenging additive may be added to 8 fluid that containg or is expected to contain the sulfur-
contatning species at @ stoichiometric ratio as low as any of 110, 119, 1€, 17, 1o, 115, 14, 12
1:2 and 131, wherein the stoichiometric ratio is the molar ratio of scavenging additive to sulfur-
containing species. In some embodiments, the zine ammoniam carbonate sulfide scavenging
additive may be added to a fluid that contains or is expected to contain the sulfur-containing
spevies at a stoichiometric ratio as high as any of L, 32, 201 $:20 301, 7.2, 400, 922 and 501,
wherein the stoichicmetric ratio is the molar ratio of scavenging additive 1o sulfur-containing
species. In cerfain embodiments, the zine ammoniun carbonate sulfide seavenging additive may
be added to a fluid that conlains or is expecied to contain the sulfur-containing species at a
stolchiometric ratio of from about 1§ to about 3:1, in other embodiments, abowt 12§ to about 311,
in other embodiments, about 1:2 to about 2:1, in other embodiments, abowt 11 to about 3.2,
wherein the stoichiometric tatio is the molar ratio of scavenging additive to sulfurcontaining
SpRCies.

In cortain evobodinents, a zine anunonimm carbonate sulfide scavenging additive may
react with a sulfurcontaining species present i a conduit, container, fald retention pit, or
subtarranzan formation to remove the species. The zine ammonium earbonate sullide scavenging
additive may be provided as a§ sing apvvoniam carbonate solution that may include zinc

7
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amronium carbonate and a solvent. The solvent may inchude water, one or more glycols {e.g.,
ethylens glyeol or polvetbylene glycol), a water-glycol mixture, an alcobol, or any combination
thereof, The oue or more glycols may serve as an antifregze tn cold weather conditions. The zing
ammonium carbonate solution may be added to a fluid by any means known in the art.

1n certain embodiments, zine ammonium carbonate may be present in the xine ampuonivm
carbonate sulfide scavenging additive in an amount of from about 0.1 %6 to about 26 % by weight
of the additive solation, In some embodiments, zine ammonien carbonate may be present in the
zine ammonium carbonate sulfide scavenging additive in an amount as low as any oft 0.1, .34,
1.00, 1.5, 2.00, 2.50, 3.00, 3.50, 4.00, 4.50, 5.00, 5.50, and 6.00 % by weight of the additive
solation. In some embodiments, zine ammonium carbonate may be present in the zine ammoniom
carbonate sulfide scavenging addilive in an amount as high as any oft 1.0, 2.0, 3.0, 4.0, 5.5, 6.0,
7.0, £.0, 9.4, 10,0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0, 17.0, 18,0, 19.0, 20.4, 21.0, 22.0, 23.0, 24.0
and 25.0 % by weight of the additive solution. In certain embodiments, xine ammonium carbonaie
may be present in the zine ammowium carbonate sulfide scavenging additive in an amount from
about 0.1 % to about 14 % by weight of the additive solution, In other embodiments, about 0.1 %
to about 8 % by weight of the additive solution, in other embodiments, about (1.5 % to about 6 %
by weight of the additive solution, in other embodiments, about 1.6 % to about 5 % by weight of
the additive solution.

In certain embodiments, the amount of ghycol present in a zine ammoniom carbonate
additive solution may be from about 0.1 Y% to about 25 % by volume of the additive solation, In
some smbodiments, the amount of glycol present in a zine anmmonium carbonate additive solation
may be as low as any oft 0.1, 0.50, 1.00, 1.5, 2.00, 2,50, 3.00, 3.50, 4.00, 4.50, and 5.00 % by
volume of the additive solution. fo some embodiments, the amount of glyeol present in a zing
armoniun carbonate additive solution may be as bigh as any oft 1.0, 2.4, 3.0, 4.0, 5.0, 6.0, 7.0,
8.0, 9.0, 10.0, 110, 12,0, 13.0, 14.0, 15.0, 16,0, 17.0, 18.0, 19.0, 20.0, 21.0, 22.0, 23.0, 24.0, and
25.0 % by volume of the additive solution. To corlain smbodiments, the amount of glyeol present
itn & zine ammonium carbonate additive solution may be from about 0.1 % to about 15 % by
volume of the additive solution, i other embodiments, about .1 % 1o about 10 % by volome of
the additive solution, in other exabodinuents, about 0.3 % to about 3% by vohune of the additive
sofution, in other erabodinments, about 1.0 % to about 4 % by volume of the additive solution.

tu certatn erbodiments, a zine ammonium carbonate sulfide scavenging additive may be
introduced into and/or contact a Nuid that may nclude any one or more of an aquesus fluid, 8 gas,
a Biguid hydrovarbon, an oll-water mixed production fleid, and any combivation thercot. In some
exrabodiments, the agueous Huld may include water, salt water {e.g, waler containing ong or o

8
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salts dissolved thereind, brine {e.g., saturated salt water), scawater, or any combination thereof
Althongh listed separately from lguid hydrocarbon, the gas may include gaseous hydrocarbon,
though the gas need vot necessarily include hydrocarbon, In some embodiments, the gas may
inclade, but is not limited to oxygen (O2), hydrogen (Ha), nitrogen (Nz), carbon dioxide, methane
(CHa), hydrogen sulfide, argon (Ar), krypion (Kr), xenon (Xe), a hydrocarbon, a freon, and any
combination thereof, Tn certain embodiments, the zine ammonium carbonate sulfide scavenging
additive may be introduced into and/or contact the fluid o be treated through a conduit or an
injection point.  In certain embodimenis, the zine ammonium carbonate sulfide scavenging
additive of the present disclosure may be introduced into a conduit, container, fluid vetention pit,
subterranean formation, wellhead, wellbore, and the fike and may be introduced into and/or contact
a fluid vesiding therein, In cerfain embodiments, the tluid to be freated may be flowing o it may
be substantially stationary.

In certain erabodiments, a zine ammonium carbonate sulfide scavenging additive may be
added to a fluid before the flnid contains any deteclable amount of sulfur-containing spewies, for
example, in a fluid retention pit before the fluid has circulated. This may be, for example, a
prophylactic measure against sulfur-containing species that the fluid may encounter downhole. In
gertain embodiments, a zing ammonium carbonate sulfide scavenging additive miay be added 10
fluid in a fluid retention pit after the fluid has circulated. In certain embodiments, 1 zine apunonian
carbonate sulfide scavenging additive may be added after the fluid to be treated bas been
circulating downhole and has already encountered sulfurcontaining species and contains the same.
In some embodiments, a zinc ammenium carbonate sulfide scavenging additive may be injected
direetly into a production flowline below a wellhead (e.g., via an injection quill), where it may be
ased to remove salfur-containing species from mixed oil~water production fuids.

In certain embodiments, the amount of a zine amwoonium carbonate sulfule scavenging
additive added to a fluid may be controlled andfor varied during the course of an operation based
on, among other things, the amount of sulfur-containing species detected in a fluid exiting the
wellbore, In these emsbodinments, any system or technigue capable of monitoring or detecting the
presence of amount of sulfur-containing specics in fuids exiting a wellbore may be used.
Morsover, & ¥ine ammonium carbonate salfide scavenging additive may be added to a flaid to be
treated i batehes added at separate intervals spaced aver a period of Hme.  For example, a fust
arnount of zine ammonium carbonate sulfide scavenging additive may be added to a fluid 1o be
iroated at one point in time during the course of @ particular operation, AL a subsequent point
during that operation, a second amount {2.g., a higher mnounty of sulfur-containing species may

be detected exiting the wellbore, At this pofot, a second amount of zine ammoniunt carhonate
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sulfide scavenging additive may be added to the fhud 1o be treated based, at least in part, on the
amount of sulfur-containing species detected.

In the methods of the present disclosure, the zine ammonium carbovale sulfide
scavenging additive may be added to, or included in, a treatment fluid in any amount that may
effectively eliminate or reduce the concentration of sulfur-containing species that are present (e.&.,
as detected in fluids in 2 conduit or exiting a wellbore), or are expectid o be present, by the desired
amount jo 2 fluid Lo be treated. The zine smmonivm carbonate sulfide scavenging additive may be
added 1o, or included in, the treatroent fluid as a zine ammonium carbonate solution. In certain
embodiments, an initial amennt of zing apyuonivm carbonate sulfide scavenging additive may be
added to a treatment fluid followed by subsequent, additional mpounts. This technigue may be
used to increase and/or maintain a concentration of zine ammonium carbouate sulfide scavenging
additive that may be sufficient to remeve the desired amount of sulfur-containing species in a fluid
1o he treated throughout the couwrse of a given operation,

Treatment fluids can be used n a variety of above ground amd sublerranean treatment

4N 4L

operations. Ag used herein, the terns “lreat,” “Ureatment,” “treating,” and granuatical equivalents
thereof refer to any above ground or subterranean operation that uses a fluid i conjunction with
achieving a desired function and/or for a desived purpose. Use of these terms does not imply any
particular action by the treatment fluid. Hlestrative treatment operations can include, for example,
surface facilities operations, fracturing operations, gravel packing operations, acidizing operations,
scale dissolution and removal, consolidation operations, and the like.

The treatment Tluid of the present disclosure may inclade any carrier fluid known in the
art, including an aquecus fluid, a non-aqueous fluid, or any combivation theveoll Anvagueous fluid
that may be suitable for use as a carrier fuid may include water from any source. This may include
fresh water, sali waler {e.g., water coniaining owe or more salts dissolved therein), brine (2 g,
satarated salt water), seawater, or any combination thereof. The agneous fluid may be from o
source that dogs not contain compoeunds that adversely affoet other components of a fluid. o
certain embodiments of the present disclosure, an aqueons fuld may include one or more fonie
species, sach as those formed by salts dissolved in water, For examiple, scawater and/or produced
water may include a variety of divalent cationie species dissolved therein, Incertain embodiments,
the demsity of the agueous fluld can be adjusted, among other purposes, to provide additional
particalate tramsport and suspension in the treatmoent fluids of the present disclosure. In certain
crbodiments, the pH of the agueous fhiid may be adjusted {e.g., by & buffer or other pH adjusting
agent) o a spevifie level, which may depend on, mmong otber factors, the types of viscosifying

agents, acids, sud othier additional addisives included o a fluid. One of ovdipary skill in the art,
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with the benefit of this disclosure, will recognize when such deusity and/or pH adjustments are
appropriate. Examples of a nov-agoeous fuid that may be suitable for nse as a carrier fhuid includs,
but are not Hmited to an oil, a hydrocarbon, an organic lquid, a mineral oll, a synthetic o1f, an
ester, or any combination thereof.

In certain embodiments, & ireatment fluid of the present disclosure optionally may include
any number of additional additives. Examples of such additional additives include, but are not
limited to, salis, surfactants, acids, proppant particulaies, diverting agents, fluid loss control
additives, gas, nitrogen, carbon dioxide, surface modifying agents, tackifying agents, foamers,
corrosion inhibitors, scale inhibitors, catalysts, clay control agents, biecides, friction reducers,
antifoam. agents, bridging agents, flocculants, additiona) sulfide scavengers, carbon dioxide
SCAVENGETS, OXyRen sma.vengérs, lubsricants, viscosifiers, breakers, weighling agents, relative
permeability modifiers, resing, wetting agents, coating enhancement agents, filter cake resmoval
agents, antifreeze agents (¢.2., ethylene glycol or polyethylene glycol), or any combination thereot,
A person skilled in the art, with the benefit of this disclosure, will recognize the types of additional
additives that may be included in the fluids of ihe present disclosure for a particular application.

in certain embodiments, a surfactant may be used together with the zine ammonium
carbonate sulfide scavenging additive. The surfactant may, among other purposes, help disperse
the zine ammoniom carbonate sulfide scavenging additive and/or other additives in a fuid. A
suitable surfactant voay include an alkoxylated alkyl alechol and salts thereof, an alkoxylated alkyl
phenol and salts thereof, an alkyl or aryl selfouate, a sulfate, a phosphate, a carboxylate, a
polyoxyalky! glycol, a fatty alcohol, a polyoxyethylens glycol sorbitan alkyl ester, a sorbitan alkyl
ester, u polysorbate, a glucosids, a quaternary amine compound, an antine oxids sarfactant, orany
combination thereof,

In cortain embodiments of the present disclosure, the zine ammonium carbonate sullide
scavenging additive, treatiment fluids, and/or additional additives of the present disclosure may be
introduced into @ conduit, container, mud pit, subterrancan formation, and/or wellbore penetrating
a sublerranean formation using any method or equipment kuown o the art. Introduction of the
zine ammoniwm carbonate sulfide scavenging additive, treatment fluids, and/or additional
additives of the present disclosure may juclude delivery via any of a tube, umbilical, pump, gravity,
and corabinations thereof. The zine ammoninm carbonate sulfide scavenging additive, treatment
fluids, and/or additional additives of the preseet disclosure may, in varfous embodiments, be
delivered into top-side flowlines, pipelines, surface treating equipment, or downhok {e.g., info the

weltbore).
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For example, in certain embodiments, the xine ammonimn carbonate sulfide scavenging
additive, ireatment. fluids, asd/or additional additives of the present disclosure may be applied to
a subterranean formation and/or wellbore asing batch freatments, squecze treatments, continuous
treatments, and/or combinations thereof. 1o certain embodiments, a batch treatment may be
performed in a subterrancan formation by stopping production trom the well and pumping acertain
amount of the zine amumonium carbonate sulfide scavenging additive, treatment fluids, and/or
additional additives into a wellbore, whichsmay be performed at one or more points in time during
the life of a well. In other embodiments, g squeeze treatment roay be performoed by dissolving the
zine ammoniwn carbonate sulfide scavenging additive, treatmemt fuids, and/or addifional
additives in a suitable solvent at a suitable concentration and squeezing that solvent carrying the
scavenging additive or additional additives downhole into the formation, allowing production out
of the formation to bring the scavenging additive or additional additives o the desired location. In
certain embodiments, the sulfur-containing species may be present in a gaseous phase and the zine
aromonium carbonate sulfide scavenging additives may be injected as a mist.  In other
embodimments, the sulfur containing species may be present in a gascous phase and the zing
ammonium carbonate sulfide scavenging additive may be injected as a liquid, such that the gaseous
phass bubbles through the additives in a tower.

In certain erbodiments, the zine ammoniurn carbonate sulfide scavenging additive ot the
present disclosure raay be added 1o a conduit where one or more fluids enter the conduit at one or
more other locations along the fength of the conduit. i these embodiments, the zine amvoonimn
carbovate sulfide scavenging additive may be added in batches or injecied substantially
contingously while the conduit is being used, for example, to majntain the concentration of the
zine ammonivm carbonate sulfide scavenging additive of the present disclosure ju the tlud at a
certain amowut {(e.g., one or more of the amounts reforcnced above},

i some embodiments, the present disclosure provides methods for using the zing
amrnonium carbonate sulfide scavenging additive, treatment fluids, and/or additional additives to
carry out a variety of subterranean treatments, including but not limited to, preflush treatments,
afterflush treatments, hydraubic fracturing treatments, acidizing troatments, sand conlrol treatments
{e.g., gravel packing), “frac-pack™ treatments, wellbore clean-out treatraents, drilling operations,
and other operations where a freatment Huid may be asefpl. Such treatsent fluids way include,
but are not Hmited to, drilling fluids, preflush fluids, afterflush Hoids, fracturing fluids, acidizing
Huids, gravel packing fluids, packer fluids, spacer fluids, and the fike. In centain embodiments, the
methods of the present disclosure may be used to reduce or eliminate concentrations of hydrogen
sulfide refeased to the atmosphere by adding the treatment fhids to fluld retention pits and seitling
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ponds on focation proximaie the well,

in some cmbodiments, the zine armoniun carbonale sulfide scayenging additive,
treatment fluids, and/or additional additives may be nsed i trealing a portion of a sebterrancan
formation, for example, in acidizing treatmients such as matrix acidizing or fracture acidizing. In
certain embodiments, a trestment fluid including the zine ammonium carbonate sulfide scavenging
additive may be introduced 1nto & sublerrancan formation. In soms embodiments, the treatment
fluid including the zinc ammenium carbonate sulfide scavenging additive may be introduced futo
a wellbore that penetrates a subterranean formation. In some embodiments, the treatment fhid
including the zine ammonium carbonate sulfide scavengivg additive may be introduced at a
pressure sufficient to create or enhance one or more fractures within the subterranean formation
{e.g., hydravlic fracturing).

In stifl other embodiments, the zine anynoniom carbonate sulfide scavenging additive,
treatment floids, and/or additional additives of the present diselosure may be injocted into a portion
of a conduit, container, mud pit, or subterrapcan formation using av annular space or capillary
injection systemy to continvously introduce the zine amuoniom carbonaie sulfide scavenging
additive, treatment fluids, and/or additional additives. Other means and/or squipment that may be
used to continuously inject the zine ammoniam carbowate sulfide scavenging additive, treatment
fhuids, andfor additional additives of the present disclosure into a wellbore include, but are not
limited to slip-stream systesms, annulus drip systems, cap strings, umbilical strings, gas lift systers,
gontinuous metering systems, subsarface hydraulic systeros, bypass feeders, and the like,

o certain embodiments, such continuous trjection squipment at a well site may be
conirolled from a remote location and/or may be partially or completely automated. In cerfain
embadiments, a treatment fluid including the #ine amunoniom carbonate sulfide scavenging
additive of the preseot disclosure may be circuladed in the wellbore using the swme types of
pamping systems and squipmsent at the surface that are nsed 1o introduce treatment fluids or
additives into a welthore penctrating at feast 4 porfion of the subterrasean formation.

For example, the zine ammoniom carbonate sulfide scavenging addifive of the present
disclosure may be introduced juto a wellbore andfor tubing using a capillary Wnjection system as
shown in FIG. L Referring now o FIG. 1, wellbore 105 may be drilled to penetrate a portion of
subtervanean foruation 100, Tubing 110 (e g, production tubing) may be placed in wellborg 105,
Capillary Injection tube 120 may be disposed in the annular space betwesn the outer surface of
tubing 118 and the inner wall of welthore 103, Capillary injection tube 120 may be connected (o
sidivpocket mandrel 130 at g lower section of tubing 110, The zine anmmonium carbonate sulfide

scavenging additive of the present disclosure may be injeeted bto capiflary injection tube 120 at
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wellhead 140 (e 2., using one or more pumps (ot shown)} at the surface such that it mizes with
production fluid at or near side-pocket mandrel 130, The system shown in FIG. | may also include
one of more valves (not shown) at one or more Jocations along capillary injection tube 120, among
othier reasons, 1o prevent flowback of fluid or gas to the surface through the tube. As production
fhuid flows trough tubing 110, the zine ammonium carbonate sulfide scavenging additive may
remove one or more sulfur-containing species, or inhibit, retard, reduce, control, andfor delay the
formation of one or more sulfur-containing species, within the tubing 110, Other capillary injection
systems and side pocket mandrel devices {e.g., those used in gas Bift production) may be used ina
similar manner to the systent shown in FIG, 1.

While vot specifically illustrated herein, the disclosed fluids and additives may also
directly or indirectly affect any transport or delivery squipment used to convey the fluids and
additives to the subterrancan formation 100, a conduit, container, or fluid retention pit, such as,
for example, any transport containers, condnits, pipelines, trucks, tubulars, and/or pipes nsed to
fluidically wove the fluids and additives from one location to another, any pumps, COMPressors,
or motors used to drive the fluids and additives Inte motion, any valves or relaied joints used {o
regulate the pressure or tlow rate of the fluids and additives, and any sensors (Le., pregsure and
temperatare), ganges, and/or conbinations thereof, and the tike,

An embaodiment of the present disclosurg is a methed including introducing a sulfide
scavenging additive including zine ammonium carbonate into at least a portion of a conduit
through which a potential sulfur-contain ing fluid is flowing.

Anoiher entbodiment of the present disclosure iva method ineluding introducing a sulfide
scavenging additive including zinc anunoninn carborale into a covtainer in which a potential
sultfur-containing fluid 1s present.

Ancther embodiment of the present disclosure is a method including introducing a sultide
scavenging additive including ine ammoniom carbonate into a fluid retention pit in which a
potential sulfur-containing Nuid is present and wherein the temperature of an environment in
which the fluid is present may be in the range of from about <20 °C to about § °C,

Another embodinment of the present disclosure is a method including introducing a sulfide
scavenging additive including zine ammonium carbounate into at least a portion of & conduit
through which a potential sulfur-contzining fluid is Howing, wherein the sulflde scavenging
additive ruay inctude a solution including zine aromoniyn carbonate in an amount of from about
(1 %% 1o about 26 % by weight of the solution. Optionally in this embodiment ov any other
embodiment disclosed herelw, the sulfide scavenging additive may be in contagt with the fluid for

a contact time of front abous 0,1 seconds 1o about 20 scconds. Optionally in this embodiment or
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any other embodiment of the present disclosure, the temperature of an environment in which the
fluid is fBowing may be in the range of from about -20 °C to about ¢ °C. Optionally in this
esmbodiment or any other embodiment of the present disclosure, the fuid may Include a gas phase
and the gas phase may include carbon dioxide in an amount of front about .01 Y6 1o about 20 %
by volume of gas, Optionally in this embodiment or any other embodiment of the preseut
disclosare, the sulfide scavenging additive may frther include one or more glyeols. Qptionally in
this embodiment or any other embodiment of the present disclosure, the fluld may include at lzast
one component sefected from the grovp consisting of water, salt water, brine, seawater, & gas, 8
Hguid hydrocarbion, an oil-water mixed production fluid, and any combination thereof. Optionally
in this embodiment or any other embodiment of the present disclosure, the fluid may further
include a sulfur-containing species that way be selected from the group consisting of: hydrogen
sulfide, a sulfide fon, a mercaptan, a polysatfide, and any combivation thergof.

Another erubodinent of the present disclosure is a method including iutroducing a sulfide
seavenging additive including zine ammoniwn carbonate into a container in which a potential
sulfur-contaiuing fluid is present, wherein the sulfide scavenging additive way include a solution
including zine ammonium carbonaie inan amount of from gbout 0.1 % o about 26 % by weight
of the sohution. Optionally in this embodiment or any other embodiment diselosed herein, the
sulfide scavenging additive may be in contact with the fluid for a contact time of from about 0.1
seconds to about 20 seconds. Optionally in this embodiment or any other embodiment of the
present disclosure, the temperature of an environment in which the fluid s present may be in the
range of from about ~20 “C to about 8 °C, Optionally in this smbodiment or any other embodinent
of the present disclosure, the fuid may include a gas phase and the gas phase may include carbon
dioxide in an amount of from about (.01 % to about 20 % by volume of gas. Optionally in this
embodisent or any other embodiment of the present disclosure, the sulfide scavenging additive
may further inelade ong or more glyeols, Optionally in this embodiment or any other embodiment
of the present disclosure, the fleid may include at Jeast one component selected from the group
consisting oft water, salt water, brine, seawater, # gas, a liquid hydrocarbou, an oll-water mixed
production fludd, and any combination thersof. Optionally in this embodiment or any other
erbodiment of the present disclosure, the fluid way forther include a sulfr-containing species
that may be selected frons the group consisting of! hydrogen sulfide, « sullide 1on, a mercaptan, a
polysulfide, and any combination thereotl

Another embuodiment of the present disclosine is a metbod including lutroducing a sullide
scavenging additive including zine anymoniun carbonate into & flaid retention pit in which a
potential sulfur-containing fuid s preseot and wherein the temperature of an envirompsent in
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which the fuid is present may be in the range of from about 20 °C to about 0 °T, whergin the
sulfide scavenging additive smay include a solotion including zine srmonium carbouate in an
amount of from about 0.1 % to about 26 % by weight of the solution. Optionally in. this
embodiment or agy other embodiment disclosed herein, the sulfide scavenging additive may
further inclode one or more glycols, Optionally in this embodiment or any other embodiment of
the present disclosure, the fluid may include at least one component selected from the group
consisting oft water, salt water, brine, scawater, a gas, a liquid hydrocarbon, an oil-water mixed
production fuid, and any combination thereol.
To facilitate a better understanding of the present disclosure, the following examples of
certain aspeets of vertain embodiments are given. The following examples are ot the only
examples that could be given according to the present disclosure and are not intended to limit the

scope of the disclosure or claims.
FXAMPLES

The following examples demonstrate laboratory tests coudueted to evaluate the
scavenging efficiency of the zine ammonium carbonate sulfide scavenging additives according to
some embodiments of the present disclosure in comparison to other sulfide scavengers. The zine
amrnonium carbonate solution was tested using testapparatus 200 as showy in FIG. 2. Gas mixture

210 containing 300 ppm hydrogen sulfide 230 (with a balance of sitrogen 240} and anacrobic

erade carbon dipxide 250 was bubbled at a fotal flow vale of 300 mL min? through coluron 251

containing a mixture of 450 ml de-fonized (D) water and SO mb wethanol, de-aerated by purging
with nitrogen prios to the test. Test apparatus 200 includes flow controllers 215 aud cheek vatves
224 Test apparatus 200 may also include waste contaiver 270, calibration gas at 200 ppm 271,
calibration gas at 2,5 % 272, teniperature controller 273, stir plate 274, tapinger 275, and methane
276. The molar ratio of hydrogen sulfide 23040 carbon dioxide 150 in gas mixiure 210 was varied
by adjusting the flow rates of the respective gas streams. The hydrogen sulfide copcentration al
outlet 260 of column 251 was recorded using hydrogen sulfide analyzer 280 Once a stable
hydrogen sulfide concentration bassling was obtained at ountlet 260, a set amownt of sulfide
scavenger was injected at position 235 at the top of cohman 251, The hydrogen sulfide
concentration was monttoted at outlet 268 of column 251 wntil a stable hydrogen sulfide
concentration olose to the basslive hydrogen sulfide conceniration was observed. The test
conditions were adiusted so as 1o have 1 very shost contact tme (approxinately 4-3 seconds}
betwesn hydvogen sulfide 230 and the sulfide scavenger i cohumn 281 i order to determine the

specd of the scavenging reaction.



i3

30

WO 2020/171850 PCT/US2019/054614

BEXAMPLE |

In this example, the hydrogen sulfide scavenging efficiency of a zinc ammoninnm
carbonstie sulfide scavenging additive in the form of a zine smmenium earbonate solution at 100
ppm was compared to hydrogen sulfide scavengers hixahydro-1,3,3-tristhydroxyethyl)-s-triazine
(MEA-Triazing) solution at 100 ppm and zing chloride (ZaClz) solution at 70,92 ppm. These tests
were performed at 0 °C and 1 % carbon dioxide by volume of the gas mixture. The results of these
tests are shown in FIG. 3, Referring now to FIG. 3, plot 300 shows the bydrogen sulfide
concentration on axis 31 against time on axis 320 for the three sulfide scavengers, MEA-Triazine
340, wine chlotide 350, and zine ammonium carbonate 330. FIG. 3 shows that MEA-Triazineg
solution reduced hydrogen sulfide in the gas phase from about 270 ppm to about 80 ppm, zinc
chloride solution reduced hivdrogen sulfide in the gas phase from about 270 ppim to sbout 150 ppm,
and the zine ammonium carbonate solution of the present disclosure reduced hydvogen sulfide in
the gas phase from about 270 ppm to about & ppro. Additionally, the hydrogen sulfide
coneentration rerained fow much fonger for the zine sramonium carbonate solution compared 1o
the other scavengers. These results demonstrate that zine ammonium carbonate solution is able to
scavenge hydrogen sulfide much move effectively and completely than MEA-Triazine solution
and zine chioride solution under these conditions. The gradoal merease in hydrogen sulfide
concentration afler the reduction in concentration is due to the continual flow of bydrogen sulfide

concenteation inte the tost apparatus.

EXAMPLE 2

In this example, the hydrogen sulfide scavenging efficiency of a zine ammonium
carbonate solution at 100 ppm was compared at different concentrations o carbon dioxide. These
tests were performed at 20 °C and at | % and 10 % carbon dioxide by volume of the gas mixture,
The vesults of these tests are shown in FIG, 4, Referring now to FIG. 4, plot 400 shows the
hydrogen sulfide concentration on axis 410 against time on axis 420 for zine anamonium carbonate
solution at 1 % carbon dioxide 430 and wine amponinm carbonate solution at 10 % carbon dioxide
440. FIG. 4 shows that the zine ammonium carbonate solution of the present disclosure reduced
hivdrogen sulfide in the gas phase fross about 270 ppm to about O ppm atboth 1 Ye and 10 Y% carbon
dioxide by volume of the gas mixture, These resulis demonstrate that Inercasing the carbon dioxide
conceniration in the julet stream has a nepligible impact on the scavenging reaction rale for the
zine anwnonium carbonate solution wmder these conditions. The gradual nercase in hydrogen
sulfide concentration alier the reduction in concentration s due to the continual flow of hydrogen

sulfide concentration into the test apparatus,
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EXAMPLE 3

In this example, the hydrogen sulfide scavenging efficiency of a zine ammonium
carbonate solution at 100 ppm was compared to a zine ehforide (ZaCh) solution at 70.92 ppm
ander experimental conditions of 20°C and | % carbon dioxide by volume of the gas mixture.
The results of these tests are shown in FIG. 5. Refereing now to FIG. 5, plot 500 shows hydrogen
sulfide concentration on axis 310 against time on axis 520 for the sullide scavengers zine
atmvouinm carbonate $30 and zine chloride 546, FIG. S shows that zine ammoniany carbounate
solution reduced hydrogen sulfide in the gas phase from about 270 ppm to about & ppm, and zinc
chloride solution reduced hydrogen sulfide in the gas phass from about 270 ppm to about 40 ppm.
Additionally, the hydrogen sulfide concentration remained low nouch longer for the zing
ammonium carbonate solution than the zine chloride solution. These resulls demonstrate that, at
20 °C, the zine anunoniwg carbounate solation is able to scavenge hydrogen sulfide much more
effoctively and completely than the zine chloride solution ander these conditions. Combined with
the results described in BExample 1 performed at 0 °C and 1 % carbon dioxide by volume of the
gas mixtore, these resplts demonstrate that the zine ammonium carbouate solution of the present
disclosure is able to scavenge hvdrogen sulfide more efficiently than the other tested hydrogen
sulfide scavengers over a range of temperatures. The gradual jverease in hydrogen sulfide
concentration afler the reduction in concentration is due o the continual flow of hydrogen sulfide

congentration into the st apparatis,

EXAMPLE 4

In this example, the mercaptan scavenging efficiency of a zing anunonium carbonate
solution at 4 ppm in an agueous solution was measured. In this test, de-aerated de-tonized water
was saturated with 10 ppm methyl mercaptan in g sample bottle. The wercapian concentration in
the headspace of a saraple bottle was measured using a Sensidyne gas detector tubs. The aqueous
4 ppm zine ammonium carbonate solation was added to the methyl mercaptan saturated aqueous
phase sofution, and the mixture was stiered for 15 minutes. After 15 nuinutes of stireing, the methyl
mercaptan level had dropped to 2 ppm. An additional 4 ppma of the zine ammonium carbonale
solntion was then injected followed by stirving for a firther 10 minutes, The methyl mercaptan
level was measured again and was found to have dropped to 0 ppi. These results demonstrate that
the zine ammonivm carbonate solution of presend disclosure may be used 10 seavenge mercaptans

from an agueons solution,

Therefore, the present discloswe i3 well adapted to attain the ends and advanfages

mentioned as well as those that are inherent therein, The partionlar ssubodiments disclosed above
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arve itustrative only, as the present disclosure may be modified and practiced in differeny but
equivalent manners apparent to those skilled in the art having the benefit of the teachings herein.
While numeraus changes niay be made by those skilled i the art, such changes are encompassed
within the spirit of the subject maiter defined by the appended claims. Furthermore, no limitations
are intended to the details of constraction or design hergin shown, other than as described In the
claims below, It is therefore evident that the particalar llustrative embodiments disclosed above
may be altered or modified and all such variations ave considered within the scope and spirit of the
present disclosure,  In particular, every range of values {e.g., “from about a fo about b,” or,
equivalently, “from approximalely a fo b, or, squivalently, “from approximately a-b”) disclosed
berein is 1o be understood as referring to the power set (the set of all subsets) of the respective
vange of values, The teoms in the ¢laims have their plain, ordinary meaning unless otherwise

explicitly and clearly defined by the pateniee.
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What is claimed is:
1, & method comprising:
introducing a sulfide scavenging additive comprising zine ammonium carbonaie
into at least a portion of a conduit through which a potential sulfur-containing fluid is Howing.

2. The method of claim 1, wherein the sulfide scavenging additive comprises a
solution comprising zine asymoniom carbonate i an amoant of from about 0.1 % to about 26 %
by weight of the solution,

3 The method of claim 1, wherein the sulfide scavenging additive is in contact with
the fluid for a contact time of from about 0.1 seconds to about 20 seconds.

4, The method of claimm |, wherein the temperature of an environment in which the
flaid is flowing is io the range of from gbout <28 °C to about 0 *C,

S. The method of claim 1. wherein the fluid comprises a gas phase and the gas phase
comyprises carbon dioxide v au amount of from about 8,01 % to about 20 % by velume of gas.

&, The method of clatm 1, wherein the sulfide scavenging additive further comprises
one or more glyeols,

7. The method of clalin 1, wherein the fluid comprises at least one component selected
from the group consisting of! water, salt water, brine, scawater, 3 gas, a liguid bydrocarbon, an oil-

ater mixed production fluid, and any combination thereof,

&. The method of claim I, wherein the fluid further comprises a sulfuc-containing
species that is selected from the group cousisting oft bydrogen sutfide, a sulfide fon, @ mercaptan,
a polysulfide, and any combination thereof,

9, A method comprising:

introducing & sulfide scavenging additive comprising zine ammomium carbonate

into a container in which a potential selfur-containing fluid is present.
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10, The wmethod of claim 9, whercin the sulfide scavenging additive comprises a
sofution comprising rinc ammonium carbonate in an amount of from about 0.1 % to about 26 %
by weight of the solution.

1. The method of clains 9, wherein the sulfide scavenging additive is in contact with
the fluid for a contact time of from about 0.1 seconds to about 2 seeonds.

13, The method of claim 9, wherein the temperature of an gnvironment in which the
fluid is present is in the range of from about <20 °C to about § °C.

13, The method of claim 9, whereln the fluid conprises a gas phase and the gas phase
comprises carbon dioxide in an amount of from abeut 0.01 Y% o about 20 % by volume of gas,

14. The method of elaim 9, wherein the sulfide scavenging additive further comprises
one or more glyeoels.

15, The method of claim 9, wherein the fluid comprises at least ong compouent selected
from the group consisting of: water, salt water, brine, scawater, a gas, 8 liquid hydroearbon, an oil-
water mixed production fluid, and any combination thereot.

16, The method of clabiw 9, wherein the {luid further comprises a sulfur-containing
species that is selected frony the groap consisting oft hydrogen sulfide, a sulfide ion, & mercapian,
a polysulfide, and any combination thereof.

17, A methed comprising:

intreducing & sulfide scavenging additive comprising zine ammoniym catbonate
into a fuid retention pit in which a potential sulfur-containing fuid is present and wherein the
femperatire of ap environmsent n which the fluid is present is inthe range of from about -20 *Clo
about 0 °C.

18, The method of claim 17, whereln the solfide scavenging additive comprises a
solution comprising zine ammonium carbonate i an amount of from about 8.1 % 1o about 26 %

by weight of the solution.
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19, The method of elaim 17, wherein the sulfide scavenging additive further comprises
one or mors glveols,
20, The method of claim 17, wherely the fluid comprises al least one component
selected from the group consisting ofr water, salt water, brine, seawater, a gas, a liguid

hydrocarbon, an oll-water mixed production fluid, and any combination thereof.
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